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Abstract
These are the proceedings of the workshop “HadAtom05”, held at the University
of Bern, Switzerland, February 15 and 16, 2005. The main topics of the workshop
concerned the physics of hadronic atoms, and in this context recent results from exper-
iments and theory were presented. These proceedings contain the list of participants,
the scientific program and a short contribution from each speaker.
1 Introduction
The workshop “HadAtom05” was held at the University of Bern, Switzerland, on Febru-
ary 15 and 16, 2005. This was already the sixth regular workshop of the HadAtom type.
This workshop series has originally been inspired by the latest experimental and theoretical
progress achieved in the investigation of the bound states of strongly interacting particles,
the hadronic atoms. The previous workshops were held in Dubna (1998), Bern (1999, 2001),
at CERN (2002) and in Trento (2003). The present workshop covered the following topics:
• Hadronic atoms, in particular their
– Production
– Interaction with matter
– Energy levels
– Decays
• Meson-meson and meson-baryon scattering
• Lattice calculations and low energy effective theory of QCD
• Chiral Perturbation Theory and nuclear many-body systems
– Nuclear Matter
– Pionic deuteriun and pionic hydrogen
• Experiments
– DIRAC at CERN
– DEAR/SIDDHARTA at DAFNE
– Pionic Hydrogen Collaboration at PSI
– Hadronic atoms at J-PARC and GSI
– K decays with NA48 at CERN
About 40 physicists took part in the workshop, and 23 talks were presented. As for
the previous workshops [1,2,3,4,5], we publish a collection of abstracts of the presentations,
containing relevant references. In addition, we display the list of the participants with their
e-mail addresses.
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The DIRAC experiment at CERN
M. Zhabitsky on behalf of DIRAC collaboration
Joint Institute for Nuclear Research, Joliot-Curie 6, 141980 Dubna, Russia
The aim of the DIRAC experiment at CERN [1] is to measure the lifetime of pionium,
a hydrogen-like atom consisting of a π+ and a π− meson. The lifetime τ is dominated
by the charge exchange process (π+π− → π0π0) and thus is inversely proportional to the
squared difference between S-wave ππ scattering lengths with isospin 0 and 2: |a0−a2|. This
difference was calculated within the framework of Standard Chiral Perturbation Theory with
a precision 1.5% [2] which leads to the lifetime prediction τ1S = (2.9± 0.1)× 10−15s.
The DIRAC exploits the lifetime measurement method proposed in [3]. Pionium atoms
are produced in proton-nucleus interactions. After production these relativistic atoms may
either decay into π0π0 or get excited to higher quantum numbers, or break-up in the target
material. In the case of break-up, characteristic pion pairs nA emerge which have a low
relative momentum Q in their centre of mass system. The number of produced atoms NA is
proportional to the number of free pion pairs with small Q which undergo Coulomb interac-
tion in final state NCC . Then for a given target material there is a one-to-one correspondence
between the measured break-up probability Pbr and atomic lifetime [4].
In 2001 DIRAC collaboration obtained a first high statistics (∼104) atomic data sample
collected from p-Ni interactions at 24 GeV/c [5]. The analysis of experimental distributions
on ππ pairs relative momentum results in nrecA = 6530 ± 294 pairs from pionium break-up.
Then the break-up probability Pbr becomes [to be published]:
Pbr =
nA
NA
=
nrecA (Q 6 Qcut)
k(Qcut)N recCC(Q 6 Qcut)
= 0.452± 0.023|stat, (1)
which corresponds to the lifetime of the atomic ground state
τ1S = 2.91
+0.45
−0.38
∣∣
stat
+0.19
−0.49
∣∣
syst
× 10−15s. (2)
The systematical error is dominated by uncertainties in multiple scattering, presence of
non-identified admixture of K+K− and proton-antiproton pairs, uncertainties in the correc-
tion due to finite size production and strong interaction for Coulomb-correlated pairs. The
analysis of the full data sample (about 2 times more than analysed here) and dedicated
measurements, which will decrease systematical errors, is in progress.
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Using π+π− and πK atoms for the experimental check of the
low-energy QCD
L.Nemenov1,2
1CERN, CH-1211 Geneva 23, Switzerland
2Joint Institute for Nuclear Research, 141980 Dubna,Moscow Region, Russia
The lifetime (τ) measurement of atoms consisting of π+π− (A2π) and πK mesons (AπK)
allows to obtain in a model independent way the difference of ππ (a0−a2) and πK (a1/2−a3/2)
scattering lengths in S-state. Basing on the last experimental data on τ(A2π) from DIRAC
experiment at CERN the expected precisions of this parameter for the approved upgrade
of the experiment are presented in Tables 1 and 2. The expected accuracy of τ(A2π) and
τ(AπK) measurement on J-PARC, GSI and SPS CERN are presented in the same tables also.
Observation of the long-lived (metastable) states of A2π opens the possibility to measure the
Lamb-shift in A2π and the measurement the other combination the ππ scattering lengths.
Table 1: Statistics of A2π (nA) and the corresponding statistical error (stat) in |a0 − a2| to
be obtained with the upgraded DIRAC setup during 12 month runs (20h/day) are shown for
different accelerators. The latter value should be compared to the contemporary limits in
accuracy of |a0−a2| coming from the utilized theoretical dependences of τ(A2π) on the |a0−a2|
(τ = f(a0 − a2)) and the probability of the A2π breakup in the target on τ (Pbr = f(τ)).
nA stat τ = f(a0 − a2) Pbr = f(τ)
PS CERN 85000 2% 0.6% 1.2%
24 Gev/c
J-PARC 4.1× 105 0.9% 0.6% 1.2%
50 Gev/c
GSI 1.2× 106 0.6% 0.6% 1.2%
90 Gev/c
SPS CERN 1.26× 106 0.5% 0.6% 1.2%
24 Gev/c
Table 2: The same values as in Table 1 for AπK atoms and |a1/2 − a3/2| value.
nA stat τ = f(a1/2 − a3/2) Pbr = f(τ)
PS CERN 7000 10% 1.1% 1.2%
24 Gev/c
J-PARC 4.1× 105 7% 1.1% 1.2%
50 Gev/c
GSI 1.2× 106 2.5% 1.1% 1.2%
90 Gev/c
SPS CERN 1.26× 106 2.5% 1.1% 1.2%
24 Gev/c
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Production of the long-lived excited states of π+π− atoms for
DIRAC
L. Afanasyev and L. Nemenov
Joint Institute for Nuclear Research, 141980 Dubna,Moscow Region, Russia
Measurement of the π+π− atom lifetime in the DIRAC experiment will allows one to
obtain in the model independent way the value |a0 − a2|, the difference of the s-wave ππ
scattering lengths with the isotop spin 0 and 2 correspondently [1]. To get the values of a0 and
a2 separately basing on the π
+π− atom data, one may use the fact that the energy splitting
between levels ns and np, ∆En = Ens − Enp, depends on the the another combination of
scattering lengths: 2a0 + a2. Thus the measurement the energy splitting coupled with the
lifetime measurement would provide a determination of a0 and a2 separately [1,2].
The lifetimes of the np states are significantly, 3–5 order, higher in compare with the
ground state [2]. For that reason atoms in np states have the mean paths of teens centimeters.
Methods of ∆En measurement proposed in papers [3] and [4] based on observation of the
interference between ns and np(m = 0) states in the external electro-magnetic fields.
Production of π+π− atom in the np states have been considered for different target
materials and thicknesses with the intent to optimize the experimental conditions for their
observation. It have been shown that for the DIRAC experiment usage of thiner targets with
smaller Z provides increase of yield of np states and a better ratio to the atom break-up. In
the following table a set of targets providing the highest yield of π+π− atom states with the
magnetic quantum number l ≥ 1 are shown.
Target Thickness Break-up
∑
(l ≥ 1) 2p0 3p0 4p0
∑
(l = 1, m = 0)
Z µm
04 50 2.63% 5.86% 1.05% 0.54% 0.20% 1.93%
06 50 5.00% 6.92% 1.46% 0.51% 0.16% 2.52%
13 20 5.28% 7.84% 1.75% 0.57% 0.18% 2.63%
28 5 9.42% 9.69% 2.40% 0.58% 0.18% 3.29%
78 2 18.8% 10.5% 2.70% 0.55% 0.16% 3.53%
The first estimation of expected accuracy in the energy splitting shows that for the
magnetic filed of 1 T and 10 cm long measurement during 6 months (3+3) at PS CERN will
provide accuracy in about 6% for π+π− atom. For this calculation only atomic pairs was
considered as the background.
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Electromagnetic Exctiation and Ionization of Pionium:
An Update
T. Heim1, K. Hencken1, M. Schumann1, D. Trautmann1 and G. Baur2
1Institut fu¨r Physik, University of Basel, Klingelbergstr. 82, 4056 Basel, Switzerland
2Institut fu¨r Kernphysik. Forschungszentrum Ju¨lich, 52425 Ju¨lich, Germany
The precise knowledge of excitation and ionization cross sections of pionium going through
matter is an important theoretical input into the analysis of the DIRAC experiment [1]. In
order to achieve an accuracy of 5% for the lifetime of the pionium the cross section needs to
be known to a high precision better than 1%.
At this accuracy a number of additional processes must be taken into account. This has
been achieved by our group in a series of papers. The dominant contribution coming from
the electric interaction has been studied within a semiclassical treatment in [2]. There, we
calculated total and partial cross sections and we studied the influence of atomic screening.
The inclusion of target inelastic processes, that is “antiscreening”, was investigated in [3] and
was found to be important (with a correction up to 13%) for light target atoms. The magnetic
interaction, the A2 interaction, and also additional relativistic corrections were found to be
below the required 1% level [4]. Multiphoton exchange corrections were calculated within
Glauber theory; they reduce the differential cross section by as much as 30% for heavy targets
[5,6].
In order to test the accuracy of the Glauber calculations we have tried to calculate some
important cross sections within a coupled channel approach [6]. It was found that in a
calculation taking only the bound states into account, the effect of higher orders is substan-
tially underestimated. Inclusion of the continuum states by discretizing them with Weyl
wave packets was found to give a correction in the right direction, but the overall agreement
with the Glauber calculation is still poor. Therefore, as an alternative approach we are now
studying the possibility of including the continuum states either within a perturbative treat-
ment, or within a polarisation potential model, where the high lying continuum states can
be approximately integrated out. With the help of the closure approximation only matrix
elements between bound states need to be evaluated. This work is still in progress.
A peculiarity occurs in calculating the deexcitation cross section, where the pionium
undergoes a 2p→ 1s transition while the atom is excited. Due to the relativistic motion one
may encounter a singularity of the photon propagator 1/Q2. The integration over Q then
leads to a cross section that is formally divergent. This problem is not new, of course, going
back to Fano [7]. More recently it has been studied in connection with a future muon collider,
in the process µ− + µ+ → e + ν¯ +W+ through a νµ [8,9] and in connection with atomic
physics processes [10]. Different scenarios lead to a regularisation of the photon propagator.
In the case of the DIRAC experiment two phenomena are of importance, having to do
either with the finite lifetime of the excited pionium beam, or with the finite lifetime of
the propagating photon. The 2p state of pionium is not stable but can “decay” either by a
transition to the 1s state, or by interactions with the target atoms, leading, e.g., to further
excited states. Both processes lead to an imaginary part of the mass of the 2p state which
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then translates to an imaginary part for the photon propagator
q2 → q2 + i
2
mΓ,
with m the mass and Γ the width of the 2p states. We find that the width due to the
additional interaction is of the order of 1 eV and therefore the dominant effect.
For the photon one gets a finite lifetime due to its attenuation in matter. Starting from
the telegraph equation we have derived the modification to the propagator which again
acquires an imaginary part, this time of the form
q2 → q2 + i∆
λc2
,
where λ is the attenuation coefficient.
A first study shows that both effects, the pionium lifetime as well as the photon lifetime,
are roughly equally important. Whereas these effects can result in changes of the cross
sections of the order of a few percent for higher atomic excitation energies, the target inelastic
contribution itself constitutes only a small part of the total cross section. Therefore we
conclude that the regularisation of the cross section, even though formally needed to get a
finite result, does not lead to a change of the cross section at the required accuracy.
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[5] M. Schumann et al., J. Phys. B 35 (2002) 2683
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Hadronic Scattering in Lattice QCD
K.J. Juge
School of Mathematics, Trinity College, Dublin 2, Ireland
Lattice QCD calculations of the I=2 ππ scattering length was reviewed. Discussions
of the various systematic uncertainties involved in lattice calculations ([1]-[5]) were given
centered around the most recent Nf = 2 simulations of the CP-PACS collaboration [4]. A
peculiar extrapolation to the physical pion mass limit (which has also been noted by other
collaborations) were discussed using the data from the BGR collaboration who use a chirally
symmetric lattice action [2]. The extrapolations are shown in the figures below along with
the result from chiral perturbation theory [6].
References
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[2] BGR Collaboration, arXiv:hep-lat/0309075.
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The pionic hydrogen experiment at PSI
D. Gotta, for the PIONIC HYDROGEN collaboration
Institut fu¨r Kernphysik, Forschungszentrum Ju¨lich, D-52425 Ju¨lich, Germany
Experiment R–98.01 [1] performed at PSI aims at a high precision determination of the
strong–interaction shift ǫ1s and width Γ1s by means of X–ray spectroscopy of ground–state
transitions in pionic hydrogen. From these quantities the πN scattering lengths and the πN
coupling constant are extracted [2,3,4,5].
Varying the target density, the observed non–effect on the ground–state transition energy
excludes any influence of cascade effects within the experiment’s accuracy yielding ǫ1s =
7.120 ± 0.013 eV [6,7,8]. In order to improve significantly on the accuracy achieved for Γ1s
in previous measurements [9] three different X–ray transitions, πH(2p − 1s), πH(3p − 1s)
and πH(4p− 1s), have been measured. The degree of Doppler broadening originating from
Coulomb de–excitation depends more strongly on the transition than expected. In addition,
the µH(3p− 1s) transition was measured, where strong–interaction broadening is absent.
The extraction of Γ1s requires a sufficient quantitative understanding of Coulomb de–
excitation and an accurate knowledge of the resolution of the crystal spectrometer. The
determination of the spectrometer response by using X–rays emitted from an electron–
cyclotron resonance ion trap [10] has been addressed by L. Simons [7]. Cascade processes
are discussed by T. Jensen [7,11].
From a first analysis of the Doppler broadening in pionic and muonic hydrogen a consis-
tent picture is obtained. In particular, the values extracted for Γ1s for the three pionic tran-
sitions agree within the errors. Averaging yields a (preliminary) value of Γ1s = 785±27meV.
References
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[2] V. E. Lyubovitzkij and A. Rusetski, Phys. Lett. B 494 (2000) 9.
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The πN scattering lengths from pionic deuterium
Ulf-G. Meißner1,2, Udit Raha1 and Akaki Rusetsky1,3
1Universita¨t Bonn, Helmholtz-Institut fu¨r Strahlen- und Kernphysik (Theorie),
Nußallee 14-16, D-53115 Bonn, Germany
2Forschungszentrum Ju¨lich, Institut fu¨r Kenphysik (Theorie),
D-52425 Ju¨lich, Germany
3On leave of absence from: High Energy Physics Institute,
Tbilisi State University, University St. 9, 380086 Tbilisi, Georgia
We use the framework of effective field theories to discuss the determination of the S-
wave πN scattering lengths a+ and a− from the recent high-precision measurements of pionic
deuterium observables [1]. In particular, we investigate the accuracy limits on the calcula-
tions of the pion-deuteron scattering length aπd in the multiple-scattering series, which are
derived in effective field theories. It has been shown that the most stringent limit is set
by the presence of the 3-particle low-energy constant (LEC) which encodes the informa-
tion about the underlying QCD dynamics at a scale ≃ 1 GeV. The ways to estimate this
constant from fitting to the experimental data, as well as using resonance saturation, have
been discussed. We further study in detail the differences between various field-theoretical
approaches to the pion-deuteron problem [2,3,4]. After clarifying physical reasons for these
(seeming) differences, they have been finally removed from the pion-deuteron data analysis.
The results contained in this talk have been recently published in Ref. [5].
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Progress report in πN analysis
M.E. Sainio
Helsinki Institute of Physics, P.O. Box 64, 00014 University of Helsinki, Finland
There are still quite a few publications appearing in the literature reporting results of
pion-nucleon scattering experiments eventhough most of the meson factory experiments have
finished their data taking. An exception is the pionic hydrogen experiment which is expected
to improve the level shift and width measurements. In 2004 two data analyses have been
published, the GWU partial wave analysis [1] and the Bugg analysis [2]. They agree on the
value of the pion-nucleon coupling constant producing a number near f 2 = 0.076 with an
error bar of about 1 %. A slightly higher value, 0.078, is obtained by Ericson et al. [3] in an
analysis of the pionic hydrogen data.
The standard for pion-nucleon analysis was set by the work of the Karslruhe group in
the 70’s and 80’s. In an attempt to update that analysis, we have in Helsinki been working
on the expansion method for implementing the fixed-t dispersion relations. As an example
for the C+ amplitude (C = A+ ν/(1 − t/4m2)B) we have
C+(ν, t) = C+N(ν, t) +H(Z, t)
N∑
n=0
c+nZ
n,
where H is adjusted to the asymptotic behaviour of the amplitude and
Z(ν2, t) =
α−√ν2th − ν2
α +
√
ν2th − ν2
.
Currently we are still working on data generated with an existing phase shift solution (KA84),
but, gradually, the updated data base will be used. In the forward direction the expansion
method is simple to use. For the C± amplitudes input for the imaginary parts (total cross
sections) and real parts (3 data points for ReD+(ω, t = 0)) yield an adequate reproduction
of the Karlsruhe forward amplitudes, see [4].
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Decay width of the ground state of pionic hydrogen
in QCD + QED
P. Zemp
ITP, University of Bern, Sidlerstrasse 5, 3012 Bern, Switzerland
The width and the shift of the ground state of pionic hydrogen have been calculated in
the framework of potential models in ref. [1]. Later the energy shift has been evaluated
in a systematic low-energy expansion in [2] whereas the width was considered in the same
framework in [3]. Counting α ∼ 1/137 and md−mu as small quantities of order δ, the result
reads
Γ1s = 8α
3M2r p
⋆
1
(
1 +
1
P
)
[a−0+(1 + δΓ)]
2 +O(δ5) , (1)
with the reduced mass Mr = Mπ+mp/(Mπ+ +mp), the Panofsky ratio P and the isospin odd
scattering length a−0+. The momentum p
⋆
1 is the center-of-mass momentum of the process
π−p→ π0n. The isospin correction term δΓ is
δΓ =
ǫ
a−0+
+K + δvacǫ , (2)
K = 4Mr α (1− lnα)(a+0+ + a−0+) + 2Mr(MΣ − M¯Σ)(a+0+)2 + o (δ) . (3)
Vaccum polarization effects [4] are contained in δvacǫ . The general expression (1) agrees in
its form with the one derived by Sigg et al. [1] up to a slight difference in the definition
of the kinematic prefactor p⋆1. The quantity ǫ can be calculated in CHPT. At tree level
calculation [3] yields
δΓ = (0.6± 0.2)× 10−2 [CHPT, leading order] . (4)
This result can be compared with δΓ = −(1.3 ± 0.5) × 10−2 found by Sigg et al. [1]. A
one-loop evaluation of ǫ is underway [5]. For further investigations, see ref. [6].
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The π−p atomic level shift and Isospin Violation in πN Scattering
T. E. O. Ericson1 and A. N. Ivanov2
1Theory Division, Physics Department, CERN, CH-1211 Geneva 23, Switzerland
2 Atomic Institute of the Austrian Universities, Vienna University of Technology,
A-1040 Wien and SMI of the Austrian Academy of Sciences, A-1090, Wien
The high precision of data from pionic hydrogen and deuterium permit in principle the
determination of the corresponding πN scattering lengths to a precision of up to 0.2% and
the e. m. contributions become essential. It is important to have a clear physical picture of
their origin and uncertainties. As a complement to the approach via effective field theory
with QCD+QED [3] we study the e. m. terms which are generated by the strong interaction,
irrespective of its origin. Our starting point is the empirical πN low energy expansion in
the absence of the external Coulomb field, which may have intrinsic isospin violating terms.
We assume that the e. m. form factors of the pion and nucleon are empirically known and
so are the axial form factors. All masses are taken to have the physical values. In short,
we have no free parameters. The starting point is the Coulomb problem for the extended
charge distribution. The strong interaction at short range is then a perturbation in the
spirit of a pseudopotential. By minimal e. m. coupling, or equivalently, interaction energy
the πN scattering amplitude has its energy shifted by the Coulomb energy at the origin; this
is shown in a model [1]. The wave function at the origin is the one of the extended charge
distribution and not the usually used Bohr wave function. In addition a characteristic cusp
factor appears to second order in the scattering length, but it is insensitive to assumptions.
All these corrections are of the order of 1% or less with little uncertainty and they are
stable with respect to assumptions. The more general case case of an extended strong
interaction region leads only to weak modifications in practice.
At threshold and in the heavy baryon limit the additional e. m. mechanisms are greatly
simplified. Only the dispersive counterpart πN → (N,∆)γ → πN of the Kroll-Ruderman
radiative capture process contributes with an axial matrix element and no free parameter
[2]. Already the Nγ intermediate state is an important contribution to the π−p amplitude,
which increases by 9.3% when the intermediate ∆γ states are included degenerate with the
nucleon. The isovector amplitude in mπ lnmπ agrees with Gasser et al. [3] using only Nγ
intermediate states. This term is nearly canceled by the ∆γ contribution in the limit of the
N∆ mass splitting ω∆ = 0. For ω∆ 6= 0 the present mechanism contributes 6.5% to the π−p
1s level shift. These radiative processes are closely governed by the the same ∆N physics as
in the static limit of πN scattering [4].
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Kinetic energy distributions in pionic hydrogen
T.S. Jensen
LKB, Ecole Normale Supe´rieure et Universite´ Pierre et Marie Curie, Case 74,
4 Place Jussieu, F-75252 Paris Cedex 05, France
The goal of the new pionic hydrogen experiment at the Paul–Scherrer-Institut [1] is to
measure the line shapes of the np → 1s X–ray transitions in π−p with high precision and
to obtain the strong interaction 1s shift and width from the results. A difficult problem
arises in the case of the extraction of the 1s width: the π−p atoms are in motion at the
moment of the radiative transitions so the observed line profiles are broadened due to the
Doppler effect. Highly energetic (tens of electron–Volts) π−p atoms can be produced through
Coulomb deexcitation [2]
(π−p)n1 +H2 → (π−p)n2 +H+H
or by the break–up of excited molecular ion states [3]
(π−pp)+νJ → (π−p)n2 + p .
Presently, the quantitative understanding of these processes do not allow us to make ab
initio cascade model predictions [4,5] which are sufficiently accurate for the new experiment.
These difficulties have led to the suggestion of an alternative approach for extracting the
1s width [6]. The idea consists of combining reliable cascade model input with a fitting
procedure which uses parameters to describe the poorly known kinetic energy distributions.
Reliable calculations of cross sections are possible for the highly energetic π−p atoms because
the molecular structure of the target hydrogen molecule is less important than for lower
energies. This means that the relative contributions of for example the 4 → 3 Coulomb
component at 73 eV to the broadening of the 3p → 1s and 2p → 1s X–ray lines can be
predicted. By using these results, a more accurate value of the strong interaction width can
be obtained as compared to a fit without constraints.
Acknowledgment: This work was supported by the Swiss National Science Foundation.
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The chiral structure of the (muonic) hydrogen
A. Pineda1
1Dept. d’Estructura i Constituents de la Mate`ria, U. Barcelona,
Diagonal 647, E-08028 Barcelona, Catalonia, Spain
High precision measurements in atomic physics provide with a unique place to fix some
hadronic parameters related with the proton elastic and inelastic electromagnetic form fac-
tors, like the proton radius, magnetic moment, polarization effects, etc.... One complication
in this program comes from the fact that widely separated scales are involved in these physi-
cal processes. Therefore, it becomes important to relate the physics at these disparate scales
in a model independent way. Effective field theories (EFT’s) are a natural approach to this
problem. In particular, we need an EFT at atomic scales, a natural candidate for which
is potential NRQED [1]. By relating this theory with HBET [2], it is possible to obtain
the chiral (and model independent) structure of the level splittings of (muonic) hydrogen.
Over the last years this idea has been applied in [3]. The matching between HBET coupled
to photons and leptons and the relevant EFT at atomic scales have been performed. This
matching can be organized in a perturbative expansion in α, 1/mp and the chiral counting.
We then computed the O(m3lα
5/m2p×(lnmπ)) contribution to the Hyperfine splitting (as well
as other large logs: ln∆, ...) and compared with experiment. This contribution can explain
about 2/3 of the difference between experiment and the pure QED prediction when setting
the renormalization scale at the ρ mass. The difference can be used to give an estimate of
the matching coefficient of the spin-dependent proton-lepton operator in HBET.
The definition of the electromagnetic proton radius has also been studied. It happens to
be ambiguous once electromagnetic corrections are considered. This is relevant in view of
the possibility to measure the muonic hydrogen Lamb shift at the 30 ppm level at the PSI [4]
and, consequently, to obtain the proton radius with an improved accuracy of, at least, one
order of magnitude better. We have argued that a natural definition can be given within an
EFT framework in terms of a matching coefficient. The definition of the neutron radius was
also discussed. The hadronic corrections to the lamb shift (for the polarizability effects only
with logarithmic accuracy) were computed within HBET up to O(m3lα
5/m2p × F (ml/mπ)).
It was found that they diverge in the inverse of the pion mass in the chiral limit. Moreover,
at this order, they are a prediction of HBET since unknown counterterms are subleading.
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Precision Measurements with Kaonic Atoms
J. Marton for the DEAR and SIDDHARTA Collaborations
Stefan Meyer Institut, Austrian Academy of Sciences,
Boltzmanngasse 3, 1090 Wien, Austria
The spectroscopy of X-rays from exotic atoms like pionic and kaonic hydrogen atoms
provides precision studies of strong interaction. Kaonic atoms are produced at the DAΦNE
electron-positron collider in Frascati. The X-ray transitions in these exotic atoms are studied
using an array of CCD X-ray detectors. We obtained the following results:
1)Kaonic nitrogen: Wemeasured the X-ray lines and yields of the 7-6, 6-5 and 5-4 transitions
for the first time [1]. Kaonic nitrogen is found to be nearly completely stripped of electrons,
thus allowing a new kaon mass measurement with a high resolution X-ray detection.
2) Kaonic hydrogen: The X-ray spectrum of the kaonic hydrogen K transitions was extracted.
The values for the strong interaction shift ǫ1s = −193 ± 37(stat.) ± 6(syst.)eV and width
Γ1s = 249± 111(stat.)± 30(syst.)eV were extracted [2].
The repulsive kaon-proton interaction shown in [3] is verified, but we find smaller values for
the shift and width with significantly smaller errors.
Figure 1: Monte Carlo simulated X-ray spectrum of kaonic deuterium using SDDs.
Our experimental program is proceeding toward high precision measurements with new
large area X-ray detectors providing timing capability (SDDs) presently in development 1.
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Spectrum and decays of the Kaonic Hydrogen
U.-G. Meißner, U. Raha, and A. Rusetsky
Helmholtz-Institut fu¨r Strahlen- und Kernphysik, Universita¨t Bonn
Nußallee 14-16, 53115 Bonn, Germany
Recent accurate measurements [1,2] of the strong energy shift and the lifetime of the
ground state of kaonic hydrogen by DEAR collaboration at LNF-INFN allow one to extract
the precise values of the KN scattering lengths from the data. To this end, one needs to
relate the latter quantities to the observables of the kaonic hydrogen at the accuracy that
matches the experimental precision. In our recent investigations, the problem is considered
within the non-relativistic effective Lagrangian approach, which has been previously used to
describe the bound π+π− , π−p and πK systems (see, e.g. [3,4,5,6]). We obtain [7] a general
expression of the strong shift of the level energy and the decay width in terms of the KN
scattering lengths, at O(α,md − mu) as compared to the leading-order result. It is shown
that, due to the presence of the unitarity cusp in the K−p elastic scattering amplitude above
threshold, the isospin-breaking corrections turn out to be very large. This, however, does
not affect the accuracy of the extraction of the scattering lengths from the experiment.
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On the energy level displacement of the ground state of kaonic
deuterium
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The energy level displacement of the ground state of kaonic deuterium is defined by the
DGBTT formula 1
− ǫ1s + i Γ1s
2
= 2α3µ2 fK
−d
0 (0) = 602 f
K−d
0 (0), (1)
where α = 1/137.036 is the fine–structure constant, µ = mKmd/(mk + md) = 391MeV is
the reduced mass of the K−d pair for mK = 494MeV and md = 1876MeV and f
K−d
0 (0)
is the S–wave amplitude of K−d scattering at threshold. We show Ref.[1] that the S–wave
scattering length Re fK−d0 (0) = aK−d0 is described well by the Ericson–Weise–like scattering
length of K−d scattering Ref.[2]. The imaginary part ImfK−d0 (0) we calculate in terms
of the contributions of the two–body reactions K−d → NY , where NY = nΛ0, nΣ0 and
pΣ−, and the experimental data on the two–body reaction rates (see Ref.[33] of Ref. [1]).
Our theoretical predictions for the two–body reaction rates agree well with the experimental
data. The S-wave amplitude of K−d scattering at threshold is equal to fK
−d
0 (0) = (− 0.540±
0.095) + i (0.521± 0.075) fm Ref.[1]. Our prediction for the energy level displacement of the
ground state of kaonic deuterium Ref.[1]
− ǫ1s + i Γ1s
2
= 602 fK
−d
0 (0) = (− 325± 60) + i (315± 50) eV (2)
can be used for the planning experiments by the DEAR/SIDDHARTA Collaborations at
Frascati (C. Guaraldo et al., Measurement of kaonic hydrogen with DEAR at DAFNE and
future perspectives, Naples, Italy, November 3–7, 2004 and the report by J. Marton “Precision
measurements with kaonic atoms” at this Workshop HadAtom05).
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Nucleon stucture in Lorentz covariant chiral quark model
Amand Faessler, Th. Gutsche, V. E. Lyubovitskij, K. Pumsa-ard
Institut fu¨r Theoretische Physik, Universita¨t Tu¨bingen,
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We developed a manifestly Lorentz covariant chiral quark model for the study of baryons
as bound states of constituent quarks. The approach is based on a non-linear chirally sym-
metric Lagrangian [1]-[3], which involves effective degrees of freedom - constituent quarks
and the chiral (meson) fields. In a first step, this Lagrangian can be used to perform a dress-
ing of the constituent quarks by a cloud of light pseudoscalar mesons and other heavy states
using the infrared dimensional regularization of loop diagrams [2]. We calculate the dressed
transition operators with a proper chiral expansion which are relevant for the interaction of
quarks with external fields in the presence of a virtual meson cloud. These operators are
used in the calculation of baryon matrix elements [4].
Our main result is: we perform a model-independent factorization of the effects of
hadronization and confinement contained in the matrix elements of the bare quark oper-
ators and the effects dictated by chiral symmetry. The calculation of these effects can be
done independently. In particular, the computing of matrix elements of bare quark operators
can then be relegated to quark models based on specific assumptions about hadronization
and confinement. The nucleon form factors have a correct infrared-singular structure dic-
tated by chiral symmetry [3,5]. We reproduce the leading nonanalytic (LNA) contributions
to the magnetic moments and the charge and magnetic radii of the nucleons. The LNA
contribution to the magnetic moments is proportional to the pseudoscalar meson mass MP .
The nucleon radii are divergent in the chiral limit. The LNA contribution to the charge radii
is proportional to the chiral logarithm ln(m2N/M
2
P ). The LNA contributions to the magnetic
radii are represented by the same logarithm as in the case of the charge radii and by the
singular term proportional to 1/MP .
This work was supported by the DFG under contracts FA67/25-3 and GRK683. This
research is also part of the EU Integrated Infrastructure Initiative Hadronphysics project
under contract number RII3-CT-2004-506078.
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Study of pion-pion interaction in K → 3π decays
Italo MANNELLI
Scuola Normale Superiore PISA - Italy
The NA48/2 experiment at the CERN SPS is searching for direct CP cviolation in K+-
decays to three pions. The experiment uses simultaneous K+ and K- beams of 60±3 GeV/c
momentum which overlap in the fiducial region. During 2003 and 2004 about 4 billions
fully reconstructed K± → π±π+π− decays and more than 100 millions K± → π±π0π0
have been collected. The results from a study of the π0π0 invariant mass distribution M00
in a partial sample of 30 millions decays K± → π±π0π0 are reported, showing a cusp-like
structure centerd atM00 = 2Mπ+ . The experimental apparatus consists mainly of a magnetic
spectrometer, with a momentum resolution σ(p)/p = 1.02%(+)0.044% and a liquid Krypton
calorimeter segmented transversally into 13248 2cm×2cm cells. The calorimeter is 27 X0
thick and has and energy resolution for photons σ(E)/E = 0.032/
√
E(+)0.09/E(+)0.0042
(E in GeV) and space resolution σ(x) = σ(y) = 0.42/
√
E(+)0.06 cm thus allowing the
accurate detection of multi-photons events. By imposing the π0 invariant mass to pairs of
photons and requiring the compatibility of a common origin for four-photon events grouped
in two π0 pairs and at the same time the Kaon invariant mass including the additional
charged pion detected in the magnetic spectrometer, decays of K± → π±π0π0 can be fully
reconstructed with negligible background. The resolution in the π0π0 invariant mass near
M00 = 279 MeV is typically 0.5 MeV. The distribution of the events as a function of M
2
00
shows a cusp like structure aroundM200 = 4M
2
π+ which is definitely not due to an instrumental
effect, given the intrinsic smoothness of the acceptance. It is impossible to fit the distribution
with the usual parametrization employed by the PDG whenever the cusp region is included in
the range for the fit. A good fit, with χ2 = 149/147 d.o.f., is obtained by using the expression
of the matrix element as specified in [1] which takes into account one and two-loops pion-pion
scattering, in particular π+π− → π0π0 charge exchange, and allowing for the contribution of
the formation of pionium atoms, with their subsequent π0π0 decay, with a branching ratio as
calculated by Silagadze [2]. The main ingredient of the fit is the difference a00 − a20 between
the I=0 and I=2 S-wave pion-pion scattering lenghts. With the present sample the statistical
error in the determination of a00 − a20 is about 4% while the systematic uncertainty is still
under evaluation.
In conclusion the study of the M200 distribution in K
± → π±π0π0 decays by the NA48/2
experiment allows for a novel and potentially more precise determination of a00 − a20 which
is made possible in particular by the quality of its multi-photon detection capability.
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The unitary correction to the Molie`re–Fano multiple scattering
theory
S. Bakmaev, A. Tarasov, and O. Voskresenskaya
Joint Institute for Nuclear Research, 141980 Dubna,Moscow Region, Russia
The Molie`re–Fano multiple scattering theory [1,2] is the most used tool for the accounting
of the charged particles’ multiple scattering effects at experimental data processing. Estima-
tion of the theory accuracy is of especial importance in the case of DIRAC experiment for it’s
high angular resolution. One possible source of the inaccuracy of M–F theory is the usage in
[1] of the approximate expression for the amplitude of elastic scattering of charged particles
by atoms, which violates the optical theorem (unitarity condition). We have estimated the
relative corrections the the parameters of M–F theory, resulting from restoring of unitarity
in the particle–atom scattering theory and found that they are of order Zα2, where Z is the
atomic number of target atoms.
References
[1] G. Molie´re, Z.Naturforsh, 3a (1948) 78
[2] U.Fano, Phys.Rev. 93(1954) p.117
25
Production of pioniums in the coherent nuclear-nuclear collisions
S. Bakmaev and O. Voskresenskaya
Joint Institute for Nuclear Research, 141980 Dubna,Moscow Region, Russia
We conside the production of nP -states of pionium atoms in the coherent collisions of a
projectile Ap and target An nuclei
Ap + At → Ap + At + A2π(nP ) (1)
as the possible source of A2π(nP ) beam for the pionium Lamb-shift measurements [1].
Since the quantum numbers of pionium in nP -states are the same as photon’s ones the
coherent photoproduction process
γ + At → A2π(nP ) + At (2)
is quite intence in GeV-region. Another advantage of the coherent reaction (2) is the sharp
angular distribution of produced pioniums.
The source of “effective” photons could be provided by projectile nuclear Ap. For the
crude estimation of A2π(nP ) yeilds the following formula can be used.
ω
dσ
dω
= neff (Zp, ω)α
6(σtotπAtmπ)
2
(
1
n3
− 1
n5
)
(3)
Here neff is the number of “effective” photons with the energy ω = E(A2π) produced by
projectile nuclear with charge Zp [2] and n is the principal quantum number of pionium in
the nP -state.
References
[1] L. Nemenov, talk at HadAtom03, arXiv:hep-ph/0401204
[2] C. Bertulani, G. Baur, Electromagnetic processes in relativistic heavy ion collisions,
Physics Report vol. 163 (1988) 299–408
26
Pion-nucleus interaction at low energy
E. Friedman 1
Racah Institute of Physics, The Hebrew University, Jerusalem, Israel
An over-view of the pion-nucleus optical potential, as obtained from global fits to large
data sets encompassing the whole of the periodic table is presented. Data bases of well over
100 points have existed since the 1990’s, and some 10 points due to ‘deeply bound’ pionic
atom states have been added in recent years. Interest in the pion-nucleus interaction at low
energies has been focused on the s-wave part of the pion-nucleus optical potential, where
the so-called ‘anomalous’ repulsion of the s-wave pionic atom potential is the empirical
finding that the strength of the repulsive s-wave potential inside nuclei is nearly double
the values expected on the basis of the free πN interaction. Large scale fits to pionic
atom data showed [1] that the model by Weise [2] where the isovector scattering amplitude
becomes density dependent, due to a chiral-motivated density dependence of the pion decay
constant, is capable of removing the anomaly. In an alternative approach the empirical
energy dependence of the isoscalar amplitude, within the minimal substitution requirement
[3] of E → E − Vc, where Vc is the Coulomb potential, was also found [4] to remove the
anomaly. Both models yield equally good fits to the data.
The study of the pion-nucleus interaction was extended above threshold in recent preci-
sion measurements of the elastic scattering of 21 MeV π± by several nuclei [5]. The purpose
was to see if the anomaly is observed also above threshold. In the scattering scenario, unlike
in the atomic case, one can study both charge states of the pion, thus increasing sensitiv-
ities to isovector effects and to the energy dependence of the isoscalar amplitude due to
the Coulomb interaction. Elastic scattering experiments were performed on targets of Si,
Ca, Ni and Zr and reasonably good fits to the data were obtained with the conventional
pion-nucleus potential, which again displayed the ‘anomalous’ repulsion. Greatly improved
fits were obtained when the energy dependence was included, but some of the anomaly still
remained. With the density dependence mentioned above the anomaly disappears, and in-
cluding also the energy dependence the fits are very good and the anomaly is absent. Thus
from the quality of fits the energy dependence is required by the data, and the anomaly is
removed if the chiral-motivated density dependence is included in the model.
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Concluding remarks
J. Gasser
ITP, University of Bern, Sidlerstrasse 5, 3012 Bern, Switzerland
I discussed the present status of theory and experiment in Goldstone boson scattering, and
relied for this mainly on the very interesting talks presented at the workshop. My personal
judgment of the situation is summarized in the table.
Theory ⇐⇒ Experiment
status status status
ππ → ππ
scattering lengths
√ √
Ke4
√
√
Aππ p√
K3π p
πN → πN
scattering lengths
√ √
πN → πN √√
Aπp
√
√
Aπd p
πK → πK
scattering lengths
√ √
AπK p
Kp→ Kp
scattering lengths p
√
AKp
√
p AKd p
To illustrate the table, the theoretical status of ππ scattering lengths is very good (
√
),
the (theoretical) relation of the scattering lengths to the cusp in K3π decays (⇐⇒) needs
improvement (
√
), and the experimental status of determining scattering lengths from K3π
decays is qualified as “in progress” (p).
Lattice calculations have the potential to provide in the near future reliable information
on the various scattering lengths from first principles.
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